Analyses of fungal spores or conidia in indoor dust samples can be useful for determining the contamination status of building interiors and in signaling instances where potentially harmful exposures of building occupants to these organisms may exist. A recently developed method for the quantification of Stachybotrys chartarum conidia, using real -time, fluorescence probe ± based detection of PCR products ( TaqMan 2 system ) was employed to analyze indoor dust samples for this toxigenic fungal species. Dust samples of up to 10 mg were found to be amenable to DNA extraction and analysis. Quantitative estimates of S. chartarum conidia in composite dust samples, containing a four -log range of these cells, were within 25 ± 104% of the expected quantities in 95% of analyses performed by the method. Calibrator samples containing known numbers of S. chartarum conidia were used as standards for quantification. Conidia of an arbitrarily selected strain of Geotrichum candidum were added in equal numbers to both dust and calibrator samples before DNA extraction. Partial corrections for reductions in overall DNA yields from the dust samples compared to the calibrator samples were obtained by comparative analyses of rDNA sequence yields from these reference conidia in the two types of samples. Dust samples from two contaminated homes were determined to contain greater than 10 3 S. chartarum conidia per milligram in collection areas near the sites of contamination and greater than 10 2 conidia per milligram in several areas removed from these sites in analyses performed by the method. These measurements were within the predicted range of agreement with results obtained by direct microscopic enumeration of presumptive Stachybotrys conidia in the same samples.
Introduction
Public concern has grown in recent years over the potential health risks associated with the toxin-producing fungal species Stachybotrys chartarum in indoor environments. The first reported case of apparent mycotoxicosis associated with exposures of building occupants to this organism occurred in 1986 ( Croft et al., 1986 ) . Since that time, additional studies have provided evidence of adverse human health effects associated with building contamination by this organism ( Johanning et al., 1996; Cooley et al., 1998; Miller et al., 1999 ) . The most notable of these illnesses has been a series of pulmonary hemorrhage cases that have resulted in the deaths of several infants ( Etzel et al., 1998; Dearborn et al., 1999; Elidemir et al., 1999; Flappan et al., 1999 ) .
As with other fungi, the primary route of human exposure to S. chartarum is assumed to be by inhalation of its airborne conidia. Consequently, the analysis of indoor air samples has been the most commonly used approach for investigating exposures of building occupants to this and other fungi. The ability of such analyses to provide reliable assessments of long -term exposure has been questioned, however, because fungal aerosols can vary widely between different locations and over short increments of time in a building ( Hunter et al., 1988; Rao et al., 1996; Verhoeff and Burge, 1997; Verhoeff et al., 1990a,b ) . A number of studies have attempted to circumvent this problem by analyzing indoor dust samples. This approach is largely based on the assumption that the fungal composition of dust is a product of deposition processes over extended time periods, and thus may more accurately reflect long -term exposure history. Although the validity of this assumption has also been questioned ( Flannigan et al., 1994; Verhoeff and Burge, 1997; Verhoeff et al., 1994 ) , the analysis of fungi in dust samples remains an attractive option for epidemiological studies and various types of building investigations because dust samples can be collected relatively quickly from different locations in buildings using fairly simple and inexpensive equipment.
Until recently, methods for the identification and enumeration of Stachybotrys in environmental samples have necessarily involved culturing and /or direct microscopic counting ( Forgacs, 1972; Kozak et al., 1980; Smith, 1990; Verhoeff and Burge, 1997 ) . These methods are timeconsuming, labor-intensive and subject to both qualitative and quantitative inaccuracies. Recent studies have identified S. chartarum ±specific sequences in the nuclear ribosomal RNA gene operon and employed these sequences in the development of a method for quantifying S. chartarum conidia in air samples using the TaqMan PCR product detection system and ABI Prism 1 model 7700 sequence detection instrument (Haugland and Heckman, 1998; Haugland et al., 1999 ) . This method has been shown to be fast, accurate and does not require viable conidia or an expert in mycology to detect S. chartarum.
There is currently little information available regarding the applicability of PCR -based methods for the detection of microorganisms in indoor dust. Although these matrices may share many of the physical and chemical characteristics of soils, it cannot be assumed that the more extensive literature regarding DNA extraction methods from soils is applicable. This report describes the development and evaluation of a method, employing the TaqMan PCR product detection system and model 7700, for the quantitative analysis of S. chartarum conidia in indoor dust. Analysis results of dust samples collected from two S. chartarum ±contaminated homes are also presented and compared with results of direct microscopic conidia counts of this organism.
Methods

Fungal Cultures and Conidia Stocks
Stock suspensions of S. chartarum (UMAH 6417 ) and Geotrichum candidum (UMAH 7863 ) conidia were prepared by growing these organisms on potato dextrose agar ( Beckton Dickinson, Cockeysville, MD ) for approximately 1 month at 238C. The conidia were resuspended in sterile water or water containing 0.5% Tween 20 ( Sigma, St. Louis, MO ). The concentrations of conidia in these stock suspensions were determined by hemocytometer counts and aliquots (50 ±100 l ) were placed in 0.5-ml microfuge tubes and stored frozen at À 808C.
Dust Samples
A mixture of dust samples, collected by a standard method ( NADCA, 1992 ) , from multiple domestic, industrial and commercial HVAC duct systems was obtained from a NADCA -affiliated company in Research Triangle Park, North Carolina. This unsterilized, composite HVAC system dust was sieved through a 250 -m mesh and used as a standard matrix for method development and evaluation experiments.
Dust samples from the home of an infant with pulmonary hemosiderosis in Cleveland, OH (home 1 ) were collected using 37-mm filter cassettes, pore size 0.8 m, as the collection device ( Vesper et al., 2000 ) . These samples were obtained from the floors of two rooms in the basement, the living room, and the dining room. Visual inspection and microscopic surface sample analyses of the home had indicated that the basement contained the primary areas of S. chartarum contamination ( Vesper et al., 2000 ) . Growth was only found, however, on the reverse sides of interior walls and thus was not readily apparent. The living room had a slight amount of visible fungal growth on the ceiling but this growth was not confirmed to contain S. chartarum by microscopic examination. Additional dust samples were obtained in the same manner from the basement of a home in Cincinnati, OH (home 2 ) containing a significant, but localized, growth of S. chartarum on drywall as determined by surface sample analysis. One sample was taken from the floor directly beneath the area of growth, a second from another location in the same room and a third from an adjacent room in the basement. All of these dust samples were sieved through a 75-m mesh and stored at À 208C.
DNA Extraction from Dust Samples
Total DNAs were extracted from dust samples using a minor modification of a previously reported glass bead milling and glass milk adsorption method ( Haugland et al., 1999a,b ) . Unless otherwise specified, 10-mg dust samples were added directly to sterile 2 -ml conical -bottom, screw -cap tubes (506 ±636; PGC Scientifics, Gaithersburg, MD ), containing 0.3 g of glass beads ( G -1277; Sigma ) and 100 and 300 l of lysis and binding buffer, respectively from an Elu -Quik DNA Purification Kit (Schleicher and Schuell, Keene, NH ). Ten -microliter aliquots of 2Â10 7 conidia/ ml stock suspensions of G. candidum in 0.5% Tween 20 were routinely added to the tubes as potential sources of reference DNA sequences. Ten-microliter aliquots of 2Â10 6 conidia / ml stock suspensions of S. chartarum in water (or various dilutions of these stocks) were also added as needed. The tubes were shaken in a mini beadbeater (Biospec Products, Bartlesville, OK ) for 1 min at a maximum speed. To bind the released DNA, 25 l of Elu -Quik glass milk suspension (Schleicher and Schuell) was added to the samples and the tubes were placed on a mini-rotating mixer ( Glas -Col, Terre Haute, IN) for 20 min. Further processing of the samples was performed as previously described ( Haugland et al., 1999a) . Briefly, this procedure involved transferring the samples to SPIN 2 filter and catch tube assemblies (BIO 101, Vista CA ) and centrifugation at 7500Âg for 1.5 min to remove binding and lysis buffers. The retained particulates, including glass milk with adsorbed nucleic acids, were washed twice in the filter cartridges with 0.5 ml Elu -Quik wash buffer and once with 0.5 ml Elu -Quik salt -reduction buffer and centrifuged as above after each wash. Nucleic acids were desorbed from the glass milk particles by two successive washes with 100 l distilled water and collected by centrifuging the washes into clean catch tubes. Calibrator samples, used in the analytical method as standards for the quantification of S. chartarum conidia in the test samples, contained 2Â10 4 S. chartarum and 2Â10 5 G. candidum conidia with no dust added and DNA extractions from these samples were performed in the same manner.
PCR Amplification and TaqMan Analysis
Reactions were prepared in 0.5 ml thin -walled, optical grade PCR tubes (PE Biosystems, Foster City CA ). Each reaction contained 12.5 l of``Universal Master Mix'' Ð a 2Âconcentrated, proprietary mixture of AmpliTaq Gold 2 DNA polymerase, AmpErase 1 UNG, dNTPs, passive reference dye and optimized buffer components (PE Biosystems, Foster City CA ), 0.5 l of a mixture of forward and reverse primers at 50 M each, 2.5 l of 400 nM TaqMan probe (PE Biosystems) , 2.5 l of 2 mg/ml fraction V bovine serum albumin (Sigma ) and 2 l of autoclaved water. Five microliters of purified DNA extract was added to complete the 25-l reaction mix. The primers StacF4 and StacR5 and probe StacP2 for S. chartarum, and primers GeoF1 and GeoR1 and probe GeoP1 for G. candidum were used as previously described ( Haugland et al., 1999b ) . In PCR inhibition experiments, humic acid ( Fluka, Ronkonkema, NY ) was prepared as a 1 -mg /ml stock solution in water, and added to a purified calibrator sample DNA extract to make a starting concentration of 100 ng /l. This sample was subjected to twofold serial dilutions in water and 5 -l aliquots of the starting and diluted DNA / humic acid mixtures were added to PCR mixes, as described above, to create final inhibitor concentrations in a range from 20 to 1.25 ng / l in the reactions.
Details concerning the theory of TaqMan PCR product detection, the design and operation of the model 7700 sequence detector and its use for quantitative measurements of input target DNA sequences have been presented elsewhere ( Gibson et al., 1996; Heid et al., 1996 ) . Quantitative measurements of target sequences in this system are based on determinations of cycle threshold (C T ) values for the PCR assays. C T values are noninteger calculations of the number of amplification cycles required for fluorescence generated from the TaqMan assay to become significantly above background. The fluorescence increases in direct relation to the quantity of PCR amplicons produced in the assay. Numerous studies have demonstrated that an inverse logarithmic correspondence exists between C T values and the input quantity of target DNA sequences present in the reactions.
Standard procedures for the operation of the model 7700, as described in the instrument's manual, were followed in this study, using all of the default program settings with the exception of reaction volume, which was changed from 50 to 25 l. Thermal cycling conditions consisted of 2 min at 508C, 10 min at 958C, followed by 40 cycles of 15 s at 958C and 1 min at 608C. Cycle threshold determinations were automatically performed by the instrument using default parameters. Assays for S. chartarum sequences and G. candidum sequences in the same DNA samples were performed in separate reaction tubes.
Quantification of Stachybotrys Conidia from TaqMan Analyses
Calculations employing two variations of a previously reported comparative C T method ( PE Biosystems, 1997 ) were used for the quantification of S. chartarum conidia as previously described ( Haugland et al., 1999b ) . The first variation was performed by subtracting mean S. chartarum sequence C T values from sets of three replicate calibrator sample extracts directly from mean S. chartarum sequence C T values in corresponding sets of three replicate test sample extracts to obtain ÁC T,STAC values. Assuming an amplification efficiency of one (i.e., a doubling of the target sequence for each cycle ), the ratio of target sequences in the test and calibrator samples is given by the expression 2 À ÁC T,STAC . Ratios of target sequences in the test and calibrator samples were further multiplied by the known quantities of S. chartarum conidia in the calibrator samples to obtain measurements of the quantities of these conidia in the test samples. Similar calculations were performed in parallel using G. candidum sequence C T values from the same calibrator and test samples to determine ÁC T,GEO values and quantities of these conidia in the test samples.
The second variation of the method was performed by first subtracting mean G. candidum sequence C T values from mean S. chartarum sequence C T values for both test and calibrator sample extracts to obtain ÁC T values. Calibrator sample ÁC T values were then subtracted from the test sample ÁC T values to obtain ÁÁC T values. These results were used in place of ÁC T,STAC to determine the ratios of S. chartarum target sequences in the test and calibrator samples and to quantify S. chartarum conidia in the test samples as indicated above. In this latter method the G. candidum sequences served as exogenous controls or references that were expected to normalize the results for any differences in overall DNA extraction efficiencies between the test and calibrator samples (PE Biosystems, 1997; Haugland et al., 1999b ) . Examples of ÁC T,STAC and ÁÁC T calculations used to quantify S. chartarum conidia in hypothetical test samples are shown in Table 1 .
Evaluation of Sample Variances
The statistical methodology employed in this study has been previously described (Haugland et al., 1999b ) . Unless otherwise noted, three replicate DNA extracts were prepared for each sample and calibrator. Additionally, duplicate C T assays were performed on each extract. These duplicate assays were considered as repeated measures of the same sample result and the C T values were thus averaged. Variances of ÁC T were estimated from the results of the replicate extracts of each sample by:
where S Target and S Ref are the standard deviations (SD) of the S. chartarum and G. candidum assay results, respectively, and r is the correlation coefficient between these results. Variances of ÁÁC T were estimated by
where S ÁC C is given by Equation 1 applied to the calibrator results, and S ÁC S , by Equation 1 applied to the test sample results. Because calibrator and test sample C T values were independent of one another; variances of ÁC T,STAC results were estimated by were estimated by
where S Calib was the SD of the C T for the calibrator. Variances of ÁC T,GEO values were calculated in the same manner. Standard errors of difference were determined from the appropriate standard deviation divided by the square root of the number of replicate observations (extractions), and confidence intervals for the differences were constructed using these standard errors.
Evaluations of Precision and Accuracy
With N 0 representing the number of cells in the calibrator sample, the corresponding cell numbers in test samples were estimated by, N H P ÀÁY where ÁY was the estimator ÁÁC T , ÁC T,STAC , or ÁC T,GEO . In this paper the term``relative error'' refers to the range implied by one standard deviation about ÁY, i.e.,
in which S ÁY is given by Equation 2 or Equation 3. Confidence intervals were constructed around the estimated cell numbers by
; S where t is the appropriate Student t-value and three replicate extractions were used. In method evaluation experiments using composite HVAC dust, measured conidia quantities determined by the ÁÁC T , ÁC T,STAC , or ÁC T,GEO methods (N T ) were compared to``known'' quantities of conidia (N H ) added to the dust samples. Conidia were added to the dust samples just before DNA extraction as 10 -l aliquots of undiluted or diluted freezer stock suspensions. The conidia concentrations in the freezer stocks were determined from hemocytometer cell counts performed in triplicate (at least 400 total counts ) for each stock suspension. Differences ( d) between measured and known conidial quantities were evaluated via analysis of variance to test the null hypothesis: d =0. The 95% confidence level for individual observations of d (thè`9 5% occurrence range'' ) was constructed, assuming d to be normally distributed, and used to characterize the precision of a single estimate utilizing TaqMan quantification. When antilogs are taken, the confidence interval describes lower and upper limits to the ratio N T /N H .
Direct Enumeration of Stachybotrys Conidia in Dust Samples
Five -milligram dust samples were suspended in 0.5% Tween 20 to a concentration of 1 mg / ml and, with constant mixing of the suspensions, 10-l aliquots were removed and applied to a hemocytometer chamber. Stachybotrys 
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conidia were presumptively identified on the basis of morphology by bright -field light microscopy at 400Â magnification (Figure 1) , and counted in five 1-mm 2 grids of the hemocytometer. Nine replicate aliquots, or fewer if this was sufficient to enumerate at least 400 conidia, were counted in this manner for each suspension. The volumes of the examined grids were used to calculate conidia numbers per milliliter of suspension and these values converted to numbers per milligram of dust. For comparability with relative error of the TaqMan estimates, one standard deviation ranges for direct count estimates were calculated. Conidia were assumed to be randomly distributed within each grid. Under this assumption the corresponding relative error is a range such that the observed count represents an observation one standard deviation above or one standard deviation below a Poisson variable with mean given by the lower or upper limit, respectively.
Results
DNA Extraction in the Presence of a Dust Matrix
Differing amounts of composite HVAC system dust were initially amended with 2Â10 4 S. chartarum conidia and subjected to DNA extraction to establish the upper limits of this matrix that could be analyzed. Effective separations of the liquid and solid phases of the samples by centrifugation during the DNA purification procedure were largely precluded by the presence of 70 mg of dust due to clogging of the filtration units. Separation of liquids and solids in the filtration units was also retarded by 40 mg of dust, which necessitated long centrifugation times compared with control samples containing the same quantities of Stachybotrys conidia but no dust. When analyzed for Stachybotrys rDNA sequences in the model 7700, DNA extracts from these 40-mg dust samples gave mean C T values of 31.0 compared with the mean values of 20.6 for no-dust controls, which represented a significant difference ( P= 0.014 ). Sample to sample variability in the C T results obtained for , and 2Â10 1 to the samples from serial dilutions of conidia stock suspensions whose concentrations were determined on the basis of hemocytometer counts. Measured quantities of these conidia were determined on the basis of TaqMan assay data using different methods of calculation: panel A, the ÁC T, STAC method; panel B, the ÁÁC T method. Results of two independent experiments for each added quantity of conidia are indicated by open and solid circles. Mean ratios determined for all samples in the panels are indicated by solid lines. Ninety -five percent occurrence ranges ( the range of ratios within which 95% of individual analysis results are predicted to occur based on all results shown in the panels ) are indicated by dashed lines and were determined as described in the Methods section of the text.
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Quantification of S. chartarum in indoor dust the 40 mg dust samples (SD =4.2 cycles, CV= 14% ) was also considerably higher than those for the no -dust controls ( SD =0.55 cycles, CV=3% ). In contrast, little difficulty was encountered in the processing of samples containing 10 mg of dust. The mean C T value for Stachybotrys rDNA sequences in these samples was 21.0, ( SD = 1.0 cycles, CV=5% ) as compared with 20.1 (SD =0.75 cycles, CV=3.6% ) for the corresponding no-dust control samples. Based on these results, 10 mg of the composite HVAC dust matrix was used in all subsequent evaluations of the TaqMan method for quantitative accuracy.
Quantification of S. chartarum Conidia Added to Dust Samples
The accuracy of TaqMan assay results and the ÁC T,STAC method for quantifying S. chartarum conidia in dust samples was assessed using DNA extracts from composite HVAC system dust samples amended with 2Â10 4 , 2Â10 3 , 2Â10 2 , and 2Â10 1 Stachybotrys conidia. Ratios of the conidia quantities measured by the method to the known quantities that were added to the dust samples were not found to differ significantly ( P >0.05 ) in two independent experiments nor among the different quantities of conidia tested in the experiments (Figure 2A ) . The mean ratio for all samples was 0.34. Based on the assumption that these results were normally distributed, they implied that this ratio will occur within a range from 0.12 to 0.95 in 95% of all such sample analyses.
Each of these samples was also amended with 2Â10 5 conidia of G. candidum before DNA extraction for potential use as sources of reference sequences. The quantities of these added conidia were measured in the test samples from
TaqMan assay results using the ÁC T,GEO method. Ratios of measured to added quantities of G. candidum conidia again showed no significant differences ( P >0.05 ) among the different sets of samples and had a mean value of 0.67 with a 95% occurrence range of 0.38 to 1.20 ( data not shown ). Analyses of unamended HVAC dust samples, using the ÁC T,GEO method, indicated that this organism was naturally present in the dust in quantities of 2 cells /10 mg. The consistently lower than expected measured quantities of both Stachybotrys and Geotrichum conidia in these dust samples suggested that the DNA extraction efficiencies from both organisms were reduced in comparison with the non ± dust -containing calibrator samples. In view of this correlation between the overall results for the two organisms, the use of Geotrichum sequence measurements as references in the ÁÁC T method was examined for its ability to improve the accuracy of the Stachybotrys conidia measurements. In analyses of the same TaqMan assay results using the ÁÁC T method, the mean ratio of measured to known S. chartarum conidia was an improved value of 0.51 with a 95% occurrence range of 0.25 to 1.04 ( Figure 2B ).
Quantification of Constituent S. Chartarum Conidia in Dust Samples
Quantitative measurements of S. chartarum conidia present in the composite HVAC system dust without amendment and in dust samples taken from two contaminated homes were obtained by ÁÁC T analyses of TaqMan assay results and compared with the results of direct presumptive microscopic enumeration of these conidia. Due to limited available amounts of some of the home dust samples, only 5 -mg amounts of all dust samples were used for both types Table 2 ) . The two samples not showing this ( HVAC and home 1A ), both had very low total counts of S. chartarum conidia ( N =5 and 6, respectively ). Because only small fractions of the total sample volumes were examined microscopically, misidentifications of S. chartarum conidia could lead to large overestimations of their concentrations by this method, particularly in these low concentration samples (Burge, 1995 ) . The highest conidia concentrations were observed in samples taken closest to the identified locations of Stachybotrys growth in both homes. Each of the four samples taken in the same rooms as the growth was determined to contain greater than 10 3 S. chartarum conidia per 5 -mg sample. Samples taken from other locations in the homes were also found, however, to contain significant quantities of Stachybotrys. Three out of four of these samples were determined to contain greater than 10 2 conidia per 5-mg sample. Mock samples, containing no amendments of conidia or dust, were carried through the DNA extraction procedure at the same time as the dust and calibrator samples and contained no detectable S. chartarum DNA as determined in the model 7700.
Further Evaluation of G. Candidum Reference Sequence Assay Results in Home Dust Samples and Tests for PCR Inhibition Mean ratios of measured to added Geotrichum reference conidia, determined using ÁC T,GEO calculations, for all home dust samples was 0.56 with a 95% occurrence range of 0.3 to 1.03 (Figure 3 ) . No significant differences ( P >0.05 ) were observed in the mean ratios determined for these samples with one exception. This occurred in home sample 1B, which gave a significantly reduced ratio (P < 0.01 ). Such a result could be caused either by significantly lower DNA yields or by the breakthrough, during the DNA extraction and purification process, of PCR inhibitory compounds from the dust sample. Stachybotrys conidia quantities determined by ÁÁC T calculations under the former scenario should still be valid due to the normalizing influence of the reference data. Determinations of Stachybotrys conidia under the latter scenario may not be valid, however, due to increasing measurement errors that would be associated with decreasing quantities of these conidia in the test samples relative to the calibrator samples.
To determine which of these two factors was responsible for the anomalous reference assay results in sample 1B, fullstrength and serially diluted aliquots of one of the three DNA extracts of this sample were reanalyzed in the model 7700 for both Stachybotrys and Geotrichum rDNA sequences. To experimentally model PCR inhibition results, a calibrator sample DNA extract was artificially amended with humic acid, serially diluted and analyzed in the same manner. To experimentally model reduced DNA yield results, serial dilutions of another calibrator DNA extract with no inhibitors added were also analyzed. As shown in Figure 4 , both the Stachybotrys and Geotrichum assay results for the 1B dust sample paralleled the PCR inhibition model. The concentra- 5 Geotrichum conidia were added to each of the dust samples before DNA extraction, as described in the legend to Figure 2 . Measured quantities were determined using TaqMan assay results and ÁC T,GEO calculations. The mean measured to added conidia ratio and 95% occurrence range determined from all analysis results are indicated by solid and dashed lines, respectively, as described in the legend to Figure 2 . tion of Stachybotrys conidia shown in Table 1 for this sample was recalculated by the ÁÁC T method using the TaqMan assay results of 1:1 diluted DNA extracts.
Discussion
A previous study has demonstrated the applicability of the comparative C T method for converting TaqMan assay results from the model 7700 into direct measurements of S. chartarum conidia quantities in air samples ( Haugland et al., 1999b ) . The ÁC T,STAC method was determined to provide the most accurate measurements of air samples; apparently due to the absence of matrix effects on DNA extraction and PCR amplification efficiencies, which allowed direct comparisons to be made between test and calibrator sample Stachybotrys C T values. Results from the current investigation indicate that house dust matrices can reduce DNA extraction efficiencies to a sufficient extent to warrant the inclusion of reference sequence assay data in these measurements by means of the ÁÁC T method. Analyses of known numbers of Stachybotrys conidia over a range from 2Â10 1 to 2Â10 4 in the presence of 10 mg of composite HVAC system dust were found to provide 95% occurrence results within a range from 25% to 104% of expected values using this approach. By contrast, analyses using the ÁC T,STAC approach, without reference data, gave results within a range from 12% to 95% of the expected numbers for the same samples. The reason for the inability of the Geotrichum reference assay results to fully correct for the low bias in measured quantities of Stachybotrys cells is presently unknown and deserves further attention. A second type of matrix effect that can influence PCRbased analyses of dust samples is PCR inhibition caused by compounds that are not removed in the DNA extraction and purification procedures. This effect occurred noticeably in only one sample. A simple procedure, involving the dilution and re -analysis of a DNA extract from this sample was used to identify this matrix effect and to obtain a corrected estimate of conidia quantities. This procedure should be generally applicable so long as the concentrations of target sequences in the samples are sufficiently high to still be detectable after the inhibitor's effects are negated by dilution. In practice, however, such follow -up analyses are only likely to be necessary when significant differences are observed in the reference sequence assay results of test and calibrator samples in the initial analyses of the samples.
Ideally, the reference organism used in the ÁÁC T method should not be naturally present in the matrix under analysis because its quantities in the test and calibrator samples are assumed to be the same ( i.e., the quantities added to the samples ). Although found in only very low quantities in this study, other reports have indicated that G. candidum may commonly occur in indoor environments (Solomon, 1976; DeHoog et al., 1986; Hunter et al., 1988 ) . This suggests that this organism may not be an ideal choice as a source of reference sequences in the analysis of house dust samples. In general, however, additions of very large quantities of reference cells ( e.g., 2Â10
5 in this study ) make it highly unlikely that constituent G. candidum cells in a test sample will affect the measurement results. Alternatively, it should be possible to substitute other, less common spore -or conidia -forming fungal species as reference organisms, assuming that TaqMan assays with similar amplification efficiencies have been developed for these organisms (PE Biosystems, 1997; Haugland et al., 1999b ) .
The value of dust -sample analysis for identifying potential health hazards from exposure to S. chartarum is illustrated by comparing the results of this study with those of two previous studies that examined airborne quantities of S. chartarum conidia in the same two contaminated homes (Haugland et al., 1999b; Vesper et al., 2000 ) . Air particulate samples collected from both of these homes under passive conditions ( i.e., with little or no air movement or activity occurring in the rooms during air sampling ) were found to contain low S. chartarum conidia quantities in a range between less than one to approximately two cells per cubic meter of air. Dust-raising activities, performed in the homes in both of these studies, lead to substantially elevated airborne S. chartarum conidia concentrations in a range between approximately 1Â10 2 to over 5Â10 3 cells per cubic meter. These latter results are consistent with the present findings that dust samples from homes 1 and 2 contained up to approximately 2Â10 3 and 1Â10 4 S. chartarum conidia per milligram, respectively. Evidence that S. chartarum conidia were being dispersed throughout much of these homes was obtained from the finding of greater than 10 2 conidia per milligram in dust samples collected from several rooms other than those containing the sources of contamination. Although dust analyses of this nature alone do not provide sufficient information to demonstrate potentially harmful exposure to fungi such as S. chartarum (Flannigan et al., 1994 ) , they do provide a rapid means for identifying situations where more comprehensive assessments of exposure levels and health effects may be advisable. and the U.S. EPA. The authors thank Mr. Terry Alan of the Cuyahoga County Board of Health for providing several of the home dust samples examined in this study, Dr. Karin Foarde, Research Triangle Institute, for providing composite HVAC dust samples and Dr. Jorge Santo Domingo, U.S. EPA, for providing micrograph images.
